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AERONAUTICAL SYMBOLS. 
1. FUNDAMENTAL AND DERIVED UNITS. 
Metric. English . 
Symbol. 
Unit. Symbol. Unit. Symbol. 
Length .. . l 
t 
F 
meter...... . .... ...... .. ... m. foot(ormile) .. . ........ ft . (or mi. ). 
Time .... . second . . . . . . . . . . . . . . . . . . . . . sec. second (or hour) ....... sec. (or hr. ). 
Force ... . weight of one kilogram. . .... kg. weight of one pound .... lb. 
Power. . . P kg.m/sec . . ........... .... ............. horsepower .............. IP 
Speed .. ... . ........ m/sec ........ . .. . .......... m. p. s. mi/br ................... M. P. H . 
, 
2. GENERAL SYMBOLS, ETC. 
Weight, W=mg. 
Standard acceleration of gravity, 
g = 9 .806m/sec. 2 = 32 .172f t/sec. 2 
W Mass, m=-g 
Density (mass per unit volume), p 
Standard density of dry all', 0.1247 (kg.-m.-
sec.) at IS.6°C. and 760 IDm. =0.00237 Ob.-
ft. -sec.) 
Specific weight of "standard" air, 1.223 kg/m.! 
= 0.07635 Ib /ft.3 
Moment of inertia, mk2 (indicate axis of the 
radius of gyration, k, by proper subscript). 
Area, S/ wing area, Sw, etc. 
Gap, G 
Span, bJ' chord length, c. 
Aspect ratio = b/c 
Distance from c. g. to elevator hinge,!. 
Coefficient of viscosity, f-L. 
3. AERODYNAMICAL SYMBOLS. 
True airspeed, V 
Dynamic (or impact) pressure, q=~ p V2 
Lift, L J' absolute coefficient Or. = q~ 
Drag, D/ absolute coefficient Co = DS q . 
Cross-wind force, CJ' absolute coefficient 
C 
Cc = qS' 
Resultant fmce, R 
(N 0 te that these coefficien ts are twice as 
large as the old coefficients Le , De .) 
Angle of setting of wings (relative to thrust 
line) , 'Irw 
Angle of stabilizer setting with reference to 
thrust line it 
Dihedral angle, 'Y 
Reynolds Number=p Vl, where l is a linear di-
f-L 
mension. 
e. g., for a model airfoil 3 in. chord, 100 mi/hr., 
normal pressure, O°C: 255 ,000 and at 15.6°C, 
230,000 ; 
or for a model of 10 cm. chord, 40 m/sec. , 
corresponding numbers are 299,000 and 
270,000. 
Center of pressure coefficient (ratio of distance 
of C. P. from leading edge to chord length), 
Cpo 
Angle of stabilizer setting with reference to 
lower wing. (it-iw) = {3 
Angle of attack, 0: 
Angle of downwash, E 
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REPORT No. 166. 
THE AERODYNAMIC PLANE TABLE. 
By A. F. ZAHM. 
INTRODUCTIO . 
For the accurate and expeditious geometrical measurement of models in an aerodynamic 
laboratory, and for miscellaneous truing operations, there is frequent need for a specially 
equipped plane table. For example, one may have to m a ure truly to 0.001 inch the offsets 
of an aerofoil at many parts of its surface. Or the off ets of a strut, airship hull, or other care-
fully formed figure may require exact calipering. Again, a complete airplane model may have 
to be adjusted for correct incidence at all parts of its surfaces or verified in tho e parts for 
conformance to specifications. uch work, if but occasional, may be done on a planing or mill-
ing machine; but if frequent justifies the provi ion of a special table. For this reason it was 
found desirable in 1918 to make the table described in this report and to equip it with such 
gauges and measures as the work should require. 
The working and design drawings for the table were made by my assistant, Mr. Louis 
Thoms; those for the instruments by Mr. L. H. rook, who supervised the construction of both 
the table and the instruments. This report, originally sent to the Chief of the Bureau of Aero-
nautics and dated April 12, 1922, was submitted by that bureau for publication to the National 
Advisory Committee for Aeronautics, with the added Figure 4 not in the original. 
DE CRIPTIO OF THE PLA E TABLE. 
The basic apparatus is a smoothly planed cast-iron table, Figure 1, whose top measures 
3 by 12 feet and has two parallel T slots along its entire length. Leveling screws are provided 
for its feet. A boss under its center admits of drilling a hole through its top to bolt fa tan 
object, such as a propeller, which is to undergo verification or heavy tatic te t. The plane 
surfaces of the side and end are quite normal to each other and to the top, to erve as bases for 
T square use. 
The linear cale shown on the side of the table serves to mea ure the movement of an in-
strument along one of its grooves. Figure 2 shows the method of engraving the scale. A 
Rivett lathe lying on its side carries a V pointed tool which is moved vertically with the cro s-
feed to score the scale mark and drawn laterally with the accurate lead screw to space the 
marks. The lathe is shifted endwi e, 2 feet at a time, by aid of an accurate pacing bar clamped 
to the table, but which need not be described. 
THE CO TOUR MICROMETER. 
Figure 3 illustrates a plane-table instrument for taking the off ets or topographic measure-
ments of a model's surface or contour line. A column with a ma sive base is dri en along the 
table by a rack and pinion, a shown, and carries a slide rest along vertical ways planed on its 
face. The slide rest bears a cross-feed and tool po t for holding a dial gauge which is to be moved 
to all parts of the model's surface or contour. The dial gauge itself and the handwheels of the 
vertical and cross slides have open decimal graduations reading to 0.001 inch. The lides, in-
cluding the graduated swivel for loping the eros -feed, were at fu t borrowed from a lathe, 
then were made a permanent part of the micrometer. 
3 
.. 
4 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 
The lineal' travel of the ba e can be read truly to 0.001 in h with an attached lens focus-
ing on a :fine standard cale clamped to the table, or less accurately with a plainer scale screwed 
to the table or engraved thereon. The present linear scale, engraved on the ide of the table, 
is marked in inches and tenths. A vernier for reading hundredth i screwed to the sliding 
base and can be lid 0.1 inch along the base for setting to a convenient zero. For finer work 
the scale is read to hundredth and thousandth, as illu trated in Figure 4, with a dial gauge 
ela tically mounted on the sliding base and having at the tip of its spindle a tooth that can be 
pre sed into the marks on the linear scale. 
Wh n an aerofoil is to be verified it is laid on a cradle, as shown in Figure 3, either flat 
on top of the standards or clamped to their vettical sides, as may seem be t . The point of the 
gauge i then fed cro swise of the model at variou section to mea ure their offset. The pro-
file of a tru t is measured in like manner. 
To caliper an airship model the instrument is used as shown in Figure 5. While the hull 
re ts level on two V blocks, the sharp edge of the dial gauge stem is et, first at the nose of the 
hull, then at successive points along its side. At each position reading are taken of the dis-
tances aft of the nose and from the long axis . To avoid too much pre sure of the harp edge 
again t the model , one stops the cross-feed motion when the dial hand begins to move and 
reads the offset on the cross-feed scale. 
THE VERTICAL KNIFE-EDGE. 
An airship hull is sometimes calipered as illustrated in Figure 6. When resting level on 
paper a vertical straightedge with a recording pencil at its bottom is passed around the model, 
touching it gently. A contour line is thu drawn from which the off ets can easily be mea ured 
to the precision required for a wooden model of large diameter. It i impracticable to con truct 
or keep such bodies accurate to one or two thousandths of an inch in their larger dimensions. 
The pencil holder is a mall piston sliding in a drill hole coaxial with the knife-edge and 
pressed down by a small spiral spring. The piston can conveniently be rai ed and locked to 
protect the pencil when not in use. 
THE PLANE-TABLE PROTRACTOR. 
For the setting or verification of wing planes and control planes the instrument shown in 
Figure 7 is used. This comprises a clamp stand with mas ive round base and an accurate 
cylindrical column along which slides an adjustable sleeve upporting a common draftman's 
protractor. The radial arm winging in a vertical plane can be applied to the wing chord to 
indicate i ts slope. In ordinary models the wing incidence is adjusted at various section by 
rotating the right-and-left-threaded inclined struts of the model, thus changing their lengths . 
The wing slope can thus be set and mea ured as accurately a the eye can judge the coinci-
dence of the chord and radial arm. 
Sometimes thi arm is applied to the wing chord, or to bench marks on the wing, as a simple 
straightedge; again it may carry sliding jaws each having a harp tooth or a small lens which 
is brought to bear on reference marks at the leading and trailing edge. To be et truly to 
0.01°, a 5-inch wing chord must, at it extremitie, coincide with the straightedge to less than 
0.001 inch. A setting true to 0.005 inch is fine enough for the usual wooden airplane model. 
SPECIAL USES OF THE TABLE. 
The plane table is not infrequently used by the in trument and model makers for mea uring 
or aligning new apparatu . F igure 8 illustrates such use. When the lift weighing mechanism 
of the new aerodynamic balance was assembled, two sets of guide rods, comprising four 
rods each, had to be et horizontal truly to one one-thou andth of an inch. Accordingly the 
mechanism was supported on the plane table as shown. By means of surface gauges the 
machini t tested the di tance of each end of each rod- 16 ends in all-above the top of the 
table. As these ends were adju table vertically, they were soon perfectly paced and locked, 
so as to remain permanen tly in planes normal to the axis of the balance. 
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ORDINARY USES OF THE TABLE. 
Figure 9 illustrates the ordinary use of the table. Several men can comfortably work 
en difTerent tasks at the ame time without interference, even though ome of the models be 
quite large. To in ure accuracy, the measurement on the Ie ' permanent models , such as 
wooden aero [oils , airplane and newly made air hip hull , are performed before each te t if 
the te ts are eparated by any con iderable time: 
THE AEROFOIL CABINETS. 
The la boraLory aero[oil , before and after mea urement, arc kept in special cabinets, as 
shown in Figure 10. Ear h model with it template re ts on a sliding helf, 0 a to be easily 
drawn forth for in pecLion. When arranged erially and indexed, hundred of aerofoil can 
thu readily be located while beincr a[ely preserved. The larger model are at present mounted 
on the wall of the Iterodynamic laboratory, a illu trated in Figure II. 
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FIG. I.- The a'ro'l ynamie plane table without oquip:ncnt. 
FIG . 2.-Engraving the plane table. 
FIG. 3.-'rhe contour micrometer mea.'nlring an airfoil. 
FIG . 4.-The contour micrometer measuring a metal air hip hull; measurements true to .001 inch in three rectangular directions. 
7 
8 RJ~PORT NATlO :rAL ADVISOR COJ\il\llTTEJ<; FOR AERONA TICS . 
FIG. 5.-'£hc contour micrometer measu ring a wood 0 air~hip hl!1l . lengthwisc scalo read with vernier. 
FIG. 6.- Thc \'crl ical knifc edgc projecting a contoll r . . 
I 
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FIG. 7.-The plane table protractor. 
FIG . 9.- The plane lable in ordinary usc. 
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FIG. 8.-'\ special plallo table operatioll. Adjllstillg eight rods parallel to a conunon plane to .()()IN 
J .('::"'&o.~ .... 
FIG. IO.- The air roil cabinet. 
FIG. ll.-Modcls In storage. 
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Positive directions of axes and angles (forces and moments) are shown by arrow!!. 
Axis. 
Force 
(parallel 
Sym- to axis) Designation. bol. symbol. 
Longitudinal. ... X X 
LateraL .. ...... Y Y 
Norma!.. ....... Z Z 
Absolute coefficients of moment 
Diameter, D 
M 0=-
m qcS 
Pitch (a) Aerodynamic pitch, pa 
(b) Effective pitch, pe 
(c) Mean geometric pitch, pg 
(d) Virtual pitch, pv 
(e) Standard pitch, pa 
Pitch ratio, p/D 
Inflow velocity, V' 
Slipstream velocity, V. 
Moment about axis. Angle. Velocities. 
Designa-
tion. 
r~llin~ ..... 
Pltc~g ... 
yawmg ..... 
Linear 
Sym- Positive Designa- Sym- (com1.0 -direc- Angular. bol. tion. tion. bol. nenta ong 
L 
J[ 
N 
axis). 
Y~Z rol1. . _ .. <I> u. p 
Z~X pitch .... e II q 
X~Y yaw ..... W w r 
Angle of set of control surface (relative to 
neutral position), o. (Indicate surface by 
proper subscript.) 
4. PROPELLER SYMBOLS. 
Thrust, T 
Torque, Q 
Power, P 
(If "coefficient " are introduced all units 
used must be con istent.) 
Efficiency 1/ = T VIP 
Revolution per ee., n; per min., N 
Effective helix angle cI>= tan-1 (2:) 
5. NUMERICAL RELATIONS. 
1 IP = 76.04 kg. m/sec. = 550 lb. £t/sec. 
1 kg. m/see. = 0.01315 IP 
1 lb. = 0.45359 kg. 
1 kg. = 2.20462 Ih. 
1 mifhr. =0.44704 m/sec. 
1 m/see. = 2.23693 mi/hr. 
1 mi. = 1609.35 m. = 520ft. 
1 m. = 3.280 3 ft. 
